ABSTRACT
Ankylosing spondylitis (AS) is the most frequently encountered disease in the spondyloarthritis group. Typically, it is a chronic disease which affects the spinal column and sacroiliac joints, entheses, and less commonly, the peripheral joints. The major symptoms of the disease are inflammatory back pain, spinal stiffness and loss of spinal mobility, which are caused by the presence of inflammatory activity that engenders structural damage, in the axial skeleton. 1 In AS pathogenesis, genetic and environmental factors are thought to play an important role. 2 Studies on AS genetics have shown a relationship between human leukocyte antigen B27 (HLA-B27), a component of major histocompatibility complex, with AS, and this relationship is the strongest association defined for AS yet. 3 In fact, the concordance in monozygotic twin studies is reported as 70%, indicating the 30% role of environmental factors involved in AS predisposition. Remarkably, the entire genetic predisposition cannot be explained solely by HLA-B27, because the concordance in dizygous twins positive for HLA-B27 is around 25%. 4, 5 Overall, among people positive for HLA-B27, the risk of AS is 1.3%. 6 This indicates the involvement of environmental and genetic factors other than HLA-B27 in AS development.
Previously, the Mediterranean fever (MEFV) gene on the short arm of the 16 th chromosome has been associated with familial Mediterranean fever (FMF) which is an auto-inflammatory periodical fever syndrome. 7, 8 There are data in the literature which support that pyrin protein encoded by MEFV gene takes a role in the intracellular control of inflammation. 9 Point mutations defined for this gene disrupt the normal function of pyrin protein and probably lead to a more severe inflammatory response. Although MEFV gene mutations are most frequently seen in FMF patients, they are also seen in patients with other inflammatory diseases such as rheumatoid arthritis (RA), juvenile idiopathic arthritis, Behçet's disease and Henoch-Schönlein purpura. [10] [11] [12] [13] [14] [15] [16] A recent study has shown that the presence of MEFV mutations associated with FMF in RA have been reported to be related to a more severe and erosive RA clinical profile. 10 Similarly, among juvenile idiopathic arthritis patients with MEFV mutation, the clinical prognosis has been reported to be more severe compared with the ones without MEFV mutation.
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The association of FMF and spondyloarthropathy (SpA) has been a focus of discussion for years. According to the literature, FMF patients may present with a clinical profile similar to that of SpA including sacroiliac joint involvement and other clinical signs, while such cases are generally reported to be negative for HLA-B27. On the other hand, positivity for HLA-B27 is generally recognized as a coincidental association of AS and FMF. [17] [18] All these findings indicate that there might be common etiopathogenetic mechanisms involved in FMF and SpA diseases.
Mediterranean fever gene mutations may change the inflammatory response to infectious and inflammatory diseases and may contribute to the development of AS. 19 Moreover, they may influence disease course as well as disease activity, and so it is important to investigate the rate of MEFV mutations and the impact of these mutations on AS. 10, 16, 19 Thus, in this study, we aimed to investigate the role of MEFV gene mutations in the pathogenesis and clinical progression of disease in AS patients.
PATIENTS AND METHODS
This single-center, cross sectional study included 88 patients (60 males, 28 females; mean age 38.7±8.7 years; range 19 to 56 years) who were diagnosed with AS based on the 1984 modified New York criteria 20 following MEFV gene analysis. The patients who met the revised Tel-Hashomer diagnostic criteria for FMF 21 as well as those who had a history of FMF were excluded. The patients who gave consent to participate in the study were evaluated with regard to inclusion and exclusion criteria (Table 1) . Approval for the study was obtained from the local ethics committee and written informed consents were obtained from all the participants.
The patients meeting the inclusion criteria underwent clinical evaluation and the data involving demographic characteristics, laboratory tests and physical examinations, clinical and functional activities, radiograms, and enthesis examinations were recorded. Clinical and functional activities were evaluated according to Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), 22 Bath Ankylosing Spondylitis Functional Index (BASFI) 23 scores. Progression of the disease was evaluated by Bath Ankylosing Spondylitis Metrological Index score, 24 whereas enthesitis was evaluated by Maastricht Ankylosing Spondylitis Enthesitis Score 25 and radiological damage was assessed by modified Stoke Ankylosing Spondylitis Spine Score. 26 Laboratory investigations including, erythrocyte sedimentation rate (mm/h), and C-reactive protein levels (mg/L), HLA-B27 and Patients were evaluated with regard to involvement of the peripheral and hip joints, and treatment characteristics. Patients who had MEFV gene mutation and those who were non-carriers were compared according to the demographic, clinical, and laboratory parameters. The above mentioned parameters were also compared among the subgroups of carriers.
The files of all participants were reviewed and the most recent hemoglobin (gr/dL), leukocyte (mm 3 ), platelet (mm 3 ), erythrocyte sedimentation rate (mm/h, measured by Westergren method), and C-reactive protein (mg/dL) values were recorded. The analyses of MEFV mutations were performed by reverse hybridization method in the Molecular Tests Laboratory of Clinical Biochemistry Department at our hospital. Deoxyribonucleic acid was purified from the anticoagulated blood and amplification was carried out by the polymerase chain reaction method using primers of the second and 10 th exons of the MEFV gene. The amplification products were hybridized with test strips including oligonucleotide probes and mutation analysis was performed on 12 regions (M694V, E148 Q, V726A, F479L, R761H, M694I, K695R, P369S, M680I G/C, M680I G/A, A744S, 1692del).
Statistical analysis
The study data were analyzed by SPSS for Windows version 15 
RESULTS
The mean duration of disease was 9.1±5.1 years. Positive HLA-B27 was determined in 71.6% of the patients and 29 AS patients (33%) had MEFV gene mutation. Regarding the related MEFV gene mutations among those 29 patients, 10 (34.5%) had heterozygous M694V, seven (24.1%) had heterozygous E148Q, four (13.8%) had heterozygous V726A, two (6.9%) had heterozygous M6801G/C, and one (3.4%) had heterozygous P3695 mutation. Only three (10.3%) of the patients exhibited homozygous mutation: two (6.9%) had homozygous M694V and one (3.4%) had E148Q mutation. Two patients had a compound heterozygous mutation: one with a heterozygous M694V-E148Q and the other with a heterozygous M694V-M6801G/C mutation ( Table 2 ). The incidences of subtypes of MEFV gene mutation are shown in Table 2 . The distribution of the most frequent three MEFV mutations among the AS patients was as follows: M694V (11.3%), E148Q (8%) and V726A (4.5%).
There were no significant differences between mutation carriers and non-carriers with Mediterranean fever mutations n % (n=29)* % (n=88)** regard to age, gender, duration of disease, acute phase reactant levels, BASDAI, BASFI and Bath Ankylosing Spondylitis Metrological Index scores, Maastricht Ankylosing Spondylitis Enthesitis Score, and modified Stoke Ankylosing Spondylitis Spine Score. The mutation carriers group demonstrated earlier onset of symptoms and an earlier age of diagnosis. There was a statistically significant difference between the mutation carriers group and non-mutation carriers group in terms of those three characteristics. (p<0.001 and p=0.004, respectively) ( Table 3) . Table 4 represents the relationship between hip involvement, treatment characteristics and involvement of peripheral joints of the mutation carrier and non-carrier patients. The mutation carriers group demonstrated involvement of a higher number of peripheral joints (p=0.044) There was no statistically significant difference between the mutation carriers group and nonmutation carriers group with respect to hip involvement and treatment characteristics ( Table 4 ).
The AS patients were divided into two groups based on being positive or negative for HLA-B27. In the HLA-B27 positive group, 23 (36.5%) of 63 patients had MEFV mutation; and in the HLA-B27 negative group, six (%24) of 25 patients. The two groups showed no statistically significant difference with regard to carrier rate of MEFV mutation (p>0.05). Similarly, the comparison of the two groups in terms of the three most common MEFV mutation subgroups in our study (M694V, E148Q, V726A, respectively), revealed Table 5 ). Furthermore, there was no statistically significant difference between the overall study population (n=88) and the HLA-B27 negative group (n=25) relative to the incidence of these three mutations (p>0.05).
Ankylosing spondylitis patients with the three most common MEFV mutations (M694V, E148Q and V726A, respectively) were separately compared with the non-MEFV mutation group with regard to age of onset of symptoms, peripheral joint involvement, number of involved joints, hip joint involvement, and current treatments (Table 6) . Furthermore, the patients with M694V and E148Q mutations were compared with the patients with other MEFV mutations in terms of the same parameters ( Table 6 ). The age of onset of symptoms was 39.3±8.2 years in AS patients with no heterozygous MEFV mutation, whereas, it was 25.9±3.8 years in AS patients with M694V mutation and 21.8±6.7 in AS patients with heterozygous E148Q mutation. AS patients with M694V and E148Q mutations had a statistically significantly earlier age of onset of symptoms compared to the AS patients with no MEFV mutation (p=0.022 and p=0.010, respectively). The AS patients with heterozygous M694V mutation and heterozygous E148Q mutation were separately compared with the AS patients exhibiting other MEFV mutations with regard to age of onset of symptoms, and no statistically significant difference was determined (Table 6 ). While the median value for the number of involved peripheral joints was 4 (0-20) in AS patients with heterozygous M694V mutation, it was 0 (0-14) in AS patients without MEFV mutations; the difference between these two groups was statistically significant (p=0.034).
No relationship similar to that detected between heterozygous M694V mutation and the number of involved peripheral joints in AS patients was found between patients with heterozygous E148Q and heterozygous V726A mutations, and AS patients without a MEFV mutation (p=0.151 and p=0.135, respectively) ( Table 6 ). There was no statistically significant difference between AS patients with heterozygous M694V mutation and the group with other MEFV mutations in terms of the number of involved peripheral joints (p=0.377).
DISCUSSION
Mediterranean fever mutations involved in the development of FMF lead to uncontrolled inflammatory response. 27 In a study focusing on FMF patients and their first degree relatives during intervals between episodes, both groups were shown to have higher acute phase reactant levels compared with the healthy controls, probably due to subclinical proinflammatory cytokine release. 28 This result suggests that MEFV may be counted among the genes that can affect the clinical course of inflammatory diseases other than FMF. Similarly, there are studies which indicate that MEFV mutations have a negative impact on inflammatory diseases such as Behçet's disease, 13, 15 RA, 10 Henoch-Schönlein purpura, 14 multiple sclerosis, 29 and Crohn's disease. 30 Ankylosing spondylitis and FMF are two clinical conditions affecting people of almost the same age group. The association of FMF with AS has been described in several previous reports 17, [31] [32] [33] although the pathogenic mechanism of this association still remains unknown. 19 In a study by Yilmaz et al. 34 conducted in 2001, the MEFV carrier rate in the healthy population was 20%. Studies performed in various regions of Turkey have produced similar values. 35, 36 In the current study, the MEFV mutation rate was 33% among AS patients. Since these patients were from the same region as in the study by Yilmaz et al., 34 the MEFV mutation rate among these people can be deemed to be raised. However, it is not possible to reach a definite conclusion because there was no control group in the current study. Similarly, Cinar et al. 19 demonstrated the MEFV mutation rate in AS patients to be 30.5%, but a control group was not used in that study either. Durmus et al. 37 compared the MEFV mutation rate in AS patients with that of healthy individuals, but no statistically significant difference was determined.
There are few studies in the literature focusing on the association between AS and MEFV mutation as well as the impact of MEFV mutation over disease severity. 19, 37 In a study by Cinar et al. 19 of 95 AS patients, MEFV mutation was shown to have no effect on disease severity with regard to clinical symptoms and laboratory values. Durmus et al. 37 conducted a study on 80 AS patients and found that MEFV mutation was associated with higher BASDAI and BASFI scores. In the current study, MEFV mutation was found to have no influence over BASDAI, BASFI, and Bath Ankylosing Spondylitis Metrological Index scores, among AS patients. However, differing treatment protocols in our patients may be the underlying reason for this result, because although the difference was not statistically significant, a higher rate of tendency to use tumor necrosis factor-a inhibitor in patients with MEFV mutation was determined compared to those without MEFV mutation. These multiple and more aggressive treatment modalities may have resulted in stronger suppression of disease activity and functional status parameters in patients with mutations.
The most common MEFV mutations in our AS patients were M694V (11.3%), E148Q (8%), and V726A (4.5%), respectively. While the M694V mutation carrier rate is 3% in the healthy Turkish population, this rate increases to 50% in Turkish FMF patients. 34 The carrier rate for E148Q mutation is 12% in the healthy Turkish population, but 3.5% in FMF patients. 34 This remarkable increase of M694V mutation rate in AS patients compared to healthy individuals is associated with the fact that M694V mutation is seen in cases which show the highest penetration and most severe clinical course compared to other mutations. [38] [39] [40] [41] M694V mutation has been shown to be associated with early onset, episode frequency, arthritis, erysipelas-like erythema, and poor prognosis. 34 On the other hand, E148Q mutation has not been shown to be associated with low penetration or severe clinical course in FMF patients. A previous controlled study investigating MEFV mutation rate in AS patients revealed increased M694V mutation rate in AS patients; the M694V rate was 2.9% in the control group and 12.4% in AS patients. 42 In a study by Cinar et al., 19 the M694V mutation rate in AS patients was 15.8%, but there was no control group. In the current study, the M694V mutation rate among AS patients (11.3%) was substantially higher compared to the overall carrier rate in the general healthy Turkish population (3%). 42 However, this result was not of statistical significance since a control group was not used in the current study, although it is evident that the M694V mutation rate shows an increase in AS patients similar to that in FMF patients, when compared to the general population. This finding suggests that M694V mutation is directly involved in the primary pathogenetic processes of AS. In the current study, the E148Q and V726A mutation rates were also investigated, but no significant increase was observed in AS patients compared to the increased rate exhibited by M694V mutation. The reason behind that may be that both of those mutations were of lower genetic penetrance compared to the M694V mutation.
This study indicated an association between MEFV gene mutations and clinical symptoms by showing a statistically significant direct correlation between the presence of MEFV mutation and the number of involved peripheral joints in AS patients (p=0.044). The age at onset of symptoms was statistically significantly lower in AS patients with MEFV mutation than in patients without MEFV mutation (p<0.001). Furthermore, any correlation between the three most common mutations (M694V, E148Q, and V726A, respectively), and the number of involved peripheral joints and age at onset of symptoms was investigated. The number of involved peripheral joints demonstrated a significant correlation only with M694V mutation (p=0.034). The age at onset of symptoms showed a correlation both with M694V and E148Q mutations (p=0.022 and p=0.010, respectively). It is remarkable that a correlation was determined not only between age at onset of symptoms and M694V mutation, but also between age at onset of symptoms and E148Q mutation (p=0.022 and p=0.010, respectively); because E148Q mutation is known to be associated with low penetrance and a moderate level of clinical course in FMF patients. 43 To date, there have been almost no studies showing that E148Q mutation is associated with a severe clinical course and early onset of symptoms in inflammatory diseases. In one such study, Rabinovich et al. 10 investigated the impact of MEFV mutations on RA patients where E148Q mutation carriership was associated with a severe clinical course in RA patients. Since there are no similar reports in the literature supporting the association of E148Q mutation with early onset and poor clinical course, it is challenging to generalize the association between E148Q and early onset until further data has been gathered from more comprehensive studies focusing on this relationship.
Durmus et al. 37 showed the relationship between MEFV mutation carriership and involvement of the hip joint in AS patients. Early onset, involvement of the hip joint, and oligoarticular involvement are known to be negative prognostic factors for AS. In the current study, MEFV mutation carriership was found to be associated with early onset and a higher degree of peripheral joint involvement in AS patients. Furthermore, although no statistical significance was determined, being a carrier of M694V mutation was observed to generate a particular tendency toward hip joint involvement in AS patients, while AS patients were also found to require more aggressive treatment. These results support the hypothesis that MEFV mutations, particularly M694 carriership, may be a risk factor for AS development. However, further controlled and prospective studies with larger patient groups are required to verify this. For many years, there have been ongoing discussions on the association of FMF and SpA. In the literature, many cases of FMF and sacroiliitis are known to be negative for HLA-B27. Some argue that the development of SpA clinical profile in FMF patients can be differentiated from classic AS clinical profile via the absence of lumbar spinal involvement signs and HLA-B27 negativity. 17, 18, 44 On the other hand, cases positive for HLA-B27 are generally recognized as a coincidental association of AS and FMF. 17 However, none of these assumptions are based on solid evidence, but only represent a tendency towards explanation. When these opinions are analyzed together with the results of this study, it can be said that FMF patients can be diagnosed with AS by modified New York criteria based on the symptoms of muscular/skeletal systems and radiological signs. Generally, cases exhibiting this association are observed to be negative for HLA-B27. This result suggests that etiological factors involved in FMF pathogenesis may also have a role in AS pathogenesis. On the other hand, there are opinions advocating that HLA-B27 positivity elevates the degree of sacroiliitis in FMF patients and leads to a more severe clinical course of FMF-related spondyloarthritis. 17 These opinions underscore the likelihood of the presence of common etiopathogenetic processes in FMF and SpA disease groups, which are yet to be explained.
In a previous study, the M694V mutation was thought to be involved in the development of AS in patients negative for HLA-B27. 42 In the current study, while the M694V mutation carrier rate was 11.3% in AS patients, it was 12% in HLA-B27 negative AS patients, with no statistically significant difference. However, considering the carrier rate (3%) of M694V mutation in the healthy population, the increased M694V rate in HLA-B27 negative patients appears to be remarkable. Similar clusterings in AS patients negative for HLA-B27 and positive for E148Q or V726A mutations were observed.
The findings of this study suggest that the presence of MEFV mutation in AS patients is associated with a more severe clinical prognosis. Moreover, we believe that the presence of MEFV mutation will not only trigger the current inflammatory process associated with the AS, but may also act as a direct factor contributing to AS pathogenesis. M694V mutation appears to be the MEFV mutation type that is most closely associated with the pathogenetic mechanism in AS. In AS patients, early onset and aggressive clinical course are the most important indicators of disabilities which are likely to occur. Therefore, particularly in juvenile-onset AS patients, it is essential to determine prognostic factors and commence treatment urgently. MEFV mutation might be a factor which has a direct effect on AS pathogenesis, while showing a negative influence on the prognosis. Therefore, in countries with high MEFV mutation rates such as Turkey, MEFV mutation screening should be included in routine tests. However, further national and multicenter studies including larger populations and prospective follow-up of patients are required to support these results.
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